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ABSTRACT 
Long-term and frequent hospitalized children are under high loads 
of emotional stress, which affects their well-being in addition to 
the illness they are suffering. This thesis proposes and will focus 
on an approach to use Multi-Display Environments (MDE) in 
pediatric hospitalization contexts to improve patients’ emotional 
intelligence so they can deal with the negative emotions produced 
by their situation. 
Categories and Subject Descriptors 
H.5.2, H.5.3 [Information Interfaces and Presentation (e.g., 
HCI)]: User Interfaces – Input devices and strategies, interaction 
styles. Group and Organization Interfaces – Computer-supported 
cooperative work. 
K.3.1 [Computers and Education]: Computer Users in Educa-
tion – Collaborative learning, Computer-assisted instruction 
(CAI). 
General Terms 
Design, Experimentation, Human Factors, Standardization 
Keywords 
Multi-Display Environments (MDE), Hospitalization, Emotional 
Intelligence, Child-Computer Interaction, Socialization 
1. INTRODUCTION 
According to hospital morbidity statistics from INE for 2013, the 
number of pediatric hospital stays in 2012 in Spain amounted to 
1,813,009. Besides the fears associated to their illness, frequent 
and long periods of hospitalization provoke on children high 
loads of emotional stress and insecurity for being away from their 
home and their comfort zone with parents and friends. To tackle 
these problems, there are previous studies that demonstrate that 
play activities allow children to face the anxiety, conflicts, and 
fear caused by hospital experiences [4]. However, the application 
of new technologies in the context of hospital schools has been 
limited mostly to scenarios of individual use in which emotional 
stress is addressed in a simplistic way by using technologies to 
enable communication channels between children and their homes 
or external schools. However, we not only aim at deviating the 
children’s attention from the clinical processes they are subject to, 
but also at facilitating the emotions that help them accept their 
new medical situation and adapt their mental state to face the 
issues that could arise by means of collaborative game activities. 
Since emotional intelligence is mainly of social nature, traditional 
desktop computers are not the best option to support its training 
because these devices are mostly designed for individual use. On 
the other hand, digital tabletops have been shown to be very suit-
able tools for use in collaborative environments (e.g., [3]). Their 
multi-touch capabilities allow simultaneous interaction, which 
contributes to a more democratized participation [9] and a better 
workspace awareness, since face-to-face settings allow users to 
know what the others are doing. 
Despite research showing these advantages, it is rare to see tab-
letops embedded in real settings. This is due to a number of dis-
advantages: their high cost; their limited workspace dimensions, 
which can only accommodate a certain number of participants; 
and the fact that their form factor complicates mobility. Therefore, 
this work will address the development of a collaborative play 
environment based on multiple interactive surfaces to support the 
learning of emotional intelligence in pediatric hospitalization 
contexts aimed at reducing the negative emotional impact caused 
by long-term or frequent hospital stays. 
2. RELATED WORK 
2.1 Emotional Intelligence and Tabletops 
Several previous works have considered technology as a way of 
acquiring emotional intelligence abilities. Morris et al. [6], for 
example, involve several users collectively around big interactive 
surfaces in an emotional identification task, through the tagging of 
different images according to the emotions they cause. During the 
course of the activity, the researchers observe the users speaking 
with one another about their feelings towards the images, and, 
before tagging an image, they self-reflect and ask themselves 
questions like: “Am I happy?”, “Am I sad?” According to the 
authors, their explorations show people’s desire of having tech-
nologies that allow the complex expression of emotions through a 
game experience. However, most of previous works in this area 
target adults or adolescents, and the activities performed aim 
mainly at identification of emotions, whereas the practical use of 
those emotions to solve problems has not yet been fully explored. 
Others target children with autistic spectrum disorders (ASD) to 
increase socialization through technology. As an example, Gal et 
al. [1] make use of an interactive tabletop to perform storytelling 
activities to foster collaboration among kids with ASD. They ob-
serve an increment of the number of approaches between the chil-
dren, a higher load of positive affect as well as a higher tendency 
to express emotions. These type of works, however, are not aimed 
at making these children reason about their emotions in a way 
they can overcome an unfavorable personal situation and they rely 
on interactive tabletops, which may be complex to implant in real 
hospital environments, as stated previously. 
2.2 Multi-Display Environments (MDE) 
MDE have been object of much previous research. Traditionally, 
their main purpose was enlarging the visualization space via the 
physical union of several smaller screens (e.g. [8]), and the inter-
action played a more secondary role, therefore leading to mono-
user environments with difficulties to favor collaboration, which 
is fundamental in emotional learning. Besides, the configurations 
tended to be static (i.e., the number of screens was fixed a priori), 
and to not allow the mobility of the participants. The posterior 
popularization of mobile devices, such as phones and PDAs, in-
troduced a higher degree of mobility and multiuser (parallel) in-
teraction since each user could interact with their own device, 
which they carried with them. Mandryk et al. [5] study the im-
pressions of teenagers when using PDAs in a collaborative game. 
Because of the reduced dimensions of these devices, the research-
ers encouraged them to enlarge the visualization space by joining 
the screens. The participants, however, reported low sense of lib-
erty of movements because they had to maintain the devices to-
gether during the course of the activity. Therefore, the mobility 
was achieved in detriment of the visualization space. This prob-
lematic is due to the fact that the approaches commented so far 
rely basically on joining smaller screens to form a bigger one 
(and, therefore, rectangular). In this respect, some existing works 
have proposed alternatives. For instance, Pinch [7] is a technique 
to couple smartphones and tablets via a manual gesture, and it 
supports free-form topologies and dynamic modification of the 
device group to the extent of not needing the displays to be physi-
cally joint once coupled. A limitation of this work, however, is 
that the resulting topology is still flat and the only interaction 
technique supported is touch. As this analysis suggests, previous 
research on MDE has mainly focused on technical aspects, and 
their capabilities have not yet been proven in real settings but 
rather in experimental contexts in order to show the performance 
of a given approach. This implicates that, in their design, the ulti-
mate activity to be performed by the users with these MDE has 
not been considered deeply enough. In our context, the software 
system and underlying interaction techniques will be considered 
effective not only if the children are able to perform quickly the 
manipulations and they understand how to make them, but also if 
the system supports effectively the construction of experiences 
that develop emotional intelligence through games. 
3. RESEARCH OBJECTIVES 
From previous works’ limitations, we have identified several 
technical dimensions that will be addressed in our work in order 
to successfully build collaborative MDE for children in hospital-
ized environments. These are classified into dimensions regarding 
the construction of the environment and interaction requirements. 
With respect to the former, our approach will allow several dis-
plays to form a common environment of any topology, not neces-
sarily the traditional rectangular one, and possibly discontinuous 
to remove the need for the devices to be physically joint. This 
way, the users will be able to choose more freely their location. 
The number of devices will be unbounded, and their annexation to 
one another will be done in a transparent way in order to avoid 
complex registration methods. Concretely, our approach to ad-
dress these requirements will rely on using the built-in camera of 
tablets and smartphones to track their own position with respect to 
a wallpaper situated on the ceiling using computer vision algo-
rithms, allowing the system to build a logical map of all the tab-
lets in the group. Since the only requirement is having the wallpa-
per/marker partially in sight, this approach can also allow some 
3D topologies by simply placing the displays in different planes.  
Regarding the interactions that our MDE will allow, the most 
basic one, in order to benefit from the advantages of tabletops in 
terms of collaboration, is to consider all displays as part of a 
whole, public surface, and therefore to permit many users interact 
with the same display at the same time, and also a given user to 
interact with many devices at once. In order to achieve more dy-
namic scenarios users will be able to modify the resulting surface 
by moving the displays through the environment during the course 
of the collaboration. And, in order to obtain richer ways of inter-
action, our proposal will support interacting with alternative me-
dia such as tangibles, which can result more intuitive for children 
as they can grab and manipulate actual physical objects. Moreo-
ver, it will also accept aerial interactions using gestures with fin-
gers or dedicated objects with the purpose of avoiding interfer-
ence with another user’s actions. 
In sum, our goal is to design activities to foster emotional intelli-
gence in hospitalized children. Since this type of intelligence is 
mainly social, we propose to build collaborative environments 
using several affordable surfaces such as tablets and smartphones. 
The dimensions identified previously will then be explored be-
yond their technical aspects regarding how they impact collabora-
tion among the children and how they foster emotional intelli-
gence that might help them overcome the stressful situations they 
experience during their hospitalization. 
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